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NEWLY IDENTIFIED LINES OF N i  XVIII ,  Cu xm, -ANTI Zn xx 

I N  THE SODIUM I ISOELECTRONIC SEQUENCES 

U r i  Feldman", Leonard Cohen, and Marvin Swartz  
Goddard Space F l i g h t  Center  

Greenbe l t ,  Maryland 

ABS TRACT 

Lines  a r e  r e p o r t e d  belonging t o  N i  xvI1 i  , Cu XIX, and Zn xx f o r  

t h e  fo l lowing  t r a n s i t i o n s :  

3s'S - 4p'P' , 3p'P- - 4s ' S ,  3p'P' - n ,  dLD ( n ,  = 4 , 5 )  

and 3d 'D - 3 f  'FL (9 = 4 ,5 ,6 ) .  

Wavelengths,  e n e r g i e s  and t e r m  v a l u e s  a r e  g iven .  

*NASA - Nat iona l  Academy of S c i e n c e ,  Na t iona l  Research Counci l  
P o s t d o c t o r a l  Research Assoc ia t e .  



INTRODUC TI ON 

With t h e  use. o f  a low inductance  vacuum spa rk  between e l e c t r o d e s  made of 

t h e  e l emen t s  under i n v e s t i g a t i o n ,  we have recorded  l i n e s  of h igh ly - ion ized  

N i ,  C u ,  and Zn i n  t h e  r eg ion  25A - 53A. The low induc tance  d i s c h a r g e  c i r c u i t  con- 

s i s t e d  of a 14pf c a p a c i t o r  charged t o  1 2  kv and t r i g g e r e d  by t h e  d i s c h a r g e  of a 

0 0 *. 

- 
t e s l a  c o i l  placed n e a r  t h e  ground e l e c t r o d e .  The s p e c t r a  were recorded  on Kodak 

SWR g l a s s  p l a t e s  u s i n g  a modif ied J a r r e l l - A s h  3-meter ,  88 ang le  of i nc idence  0 

spec t romete r .  The g r a t i n g  was a 1200 l i n e  per  mm Bausch and Lomb go ld  r e p l i c a ,  

b lazed  a t  2'35'. l i n e s  of h i g h l y  ion ized  C ,  0, N i ,  A s  r e f e r e n c e  l i n e s  we used 

and Cu. 

SODIUM I ISOELECTRONIC SEQTTENCE 
1 

Edlkn has  measured and c l a s s i f i e d  l i n e s  of i o n s  i n  t h e  Na I i s o e l e c t r o n i c  

sequence,  up t o  Co xvrrr , f o r  t h e  fo l lowing  t r a n s i t i o n s :  

3p'P" - nd 'D, 3p 

sometimes i s  5 o r  6 .  

3d 'D - 4f 

wavelength  of t h e  3d 

3d 'D - nf 'F" , 

P' - n s  ' S ,  and 3scS - np 'P' 

He  ob ta ined  t h e  wavelengths  of t h e  3pzP--  4d 'D 

, where n L s  u s u a l l y  4 ,  b u t  

and 

z I?' t r a n s i t i o n s  of N i  xvi1 r . For t h e  Cu xm spectrum he g i v e s  t h e  

D - 4f 'F' t r a n s i t i o n ,  b u t  n o t  of  t h e  3pLP" - 4d'D t r a n s i t i o n  

The l a t t e r  t r a n s i t i o n  was, however, p r e s e n t  i n  h i s  Cu spectrum. (F igu re  2 of 

h i s  pape r ) .  

We have i d e n t i f i e d  l i n e s  a s  belonging t o  N i  XVIII, Cu XM, and Zn xx. 

(Table  I). 

3p'p - 4s'S, 3p'P'- n; d D 

The l i n e s  a r e  due t o  t h e  fo l lowing  t r a n s i t i o n s :  3s'S - 4pcP* , 

(n, = 4 , 5 ) ,  and 3diD - f 'F' (n2 = 4 , 5 , 6 ) .  I n  o r d e r  

t o  c o n s t r u c t  a t e r m  v a l u e  scheme, it i s  n e c e s s a r y  t o  know t h e  d i f f e r e n c e s  between 

2 L t h e  3 s  2 ST2 - 3p i PJ2,a and 3p P>L,h - 3dzD?i vi energy l e v e l s .  W e  w e r e  n o t  a b l e  

t o  obse rve  t h e s e  t r a n s i t i o n s  on our  N i ,  Cu, and Zn p l a t e s .  I n  f a c t ,  no exper imenta l  
. ,  I 



c 

d a t a  have been r e p o r t e d  f o r  t h e s e  t r a n s i t i o n s  f o r  members of t h e  i s o e l e c t r o n i c  

sequence above Ca x .  Cn t h e  one- e l e c t r o n  s p e c t r a  i n  which no s e l e c t r o n  i s  

c i nvo lved ,  t h e  s e l e c t i o n  ru l e s  i n d i c a t e  t h r e e  al lowed t r a n s i t i o n s  from one con- 

. _: f i g u r a t i o n  t o  t h e  o t h e r .  Two of t h e s e  l i n e s ,  i n  which AL = AJ, a r e  expected t o  

be much more i n t e n s e  than  t h e  t h i r d .  Furhtermore,  i n  some c a s e s  t h e  s p l i t t i n g  

Dv (nL,..,x- nLLFY2) 

meter a t  t h i s  p a r t i c u l a r  wavelength making it d i f f i c u l t  t o  r e s o l v e  t h e  l i n e s .  This 

(n = 4,5,6) i s  c l o s e  t o  t h e  r e s o l v i n g  power of t h e  s p e c t r o -  

accounts  f o r  our i n a b i l i t y  t o  i d e n t i f y  t t e t h i r d  l i n e  of each  t r a n s i t i o n .  For t h e s e  

r e a s o n s  we  had t o  inc lude  i n  our scheme e x t r a p o l a t e d  va lues  of t h e  e n e r g i e s  of t h e  

3p P J ~ ~ ,  '/r, 
e n e r g i e s  have been used;  f o r  Zn xx we  extended t h e  e x t r a p o l a t i o n .  Term v a l u e s  a r e  

2 ;  
and 3d'D y2, +,, l e v e l s .  For Ni XVIII and Cu xxx E d l h ' s  e x t r a p o l a t e d  

I 

given  i n  Table  11. 
0 

It appea r s  from our measurements t h a t  t h e  wavelength 44.348A given by Edlen 

2 0 
f o r  3pi P i L  - 4d Djs,, i n  N i  x3x , should be changed t o  44.365A. 

The 3dLD - 5f'J?, 3dzD - 6f ' F' , and 3pLP" - 5d"D t r a n s i t i o n s  of Co x v i i  

were a l s o  p r e s e n t  on our p l a t e s .  Their wavelengths  and e n e r g i e s ,  n o t  r epor t ed  by 

Edl'en, a r e  g iven  i n  Table I and 11, r e s p e c t i v e l y .  

The c a l c u l a t i o n  of t h e  l i m i t  2s*2$ 'S, i n  Zn x x m s  based on the *.F'energy 

l e v e l s .  R e c a l c u l a t i n g  t h e  l i m i t s  f o r  N i  XVIII and Cu x l x  u s i n g  t h e  new d a t a ,  w e  

conclude v a l u e s  g iven  by Edlen require  a t  most a s l i g h t  r e v i s i o n  upwards. We 

have r e t a i n e d  h i s  v a l u e s ,  however, s ince  they  a r e  w i t h i n  t h e  range  of our e x p e r i -  

mental  e r r o r .  
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FOOTNOTE 

‘ B .  E d l e n ,  Z. Phys. 100 , 621 (1936). - 


